It is now generally believed that a more complete knowledge of the utilization of feeds by ruminants and of certain of their metabolic disorders is partially dependent on a better understanding of the activities carried out by ruminal microorganisms and their ecology. It is evident that information on the nutrients utilized for growth is an important consideration in understanding the ecology of an organism.
It is now generally believed that a more complete knowledge of the utilization of feeds by ruminants and of certain of their metabolic disorders is partially dependent on a better understanding of the activities carried out by ruminal microorganisms and their ecology. It is evident that information on the nutrients utilized for growth is an important consideration in understanding the ecology of an organism.
Based on their function in making the energy of the ration available to the ruminant, the cellulolytic bacteria are often the most important ruminal microorganisms and, based on numbers present and the rate of cellulose digestion, the genus Ruminococcus is one of the most important cellulolytic groups (Bryant, 1959) .
Members of the genus require anaerobic conditions, a carbohydrate energy source such as cellulose, cellobiose, or xylan, and some require carbon dioxide even in complex media (Bryant and Burkey, 1953) . It was early recognized that unknown and apparently unusual growth factors were required by some strains (Hungate 1950; Sijpesteijn, 1951) . Fletcher (1956) detected and purified an unknown, nonvolatile, acidic material that was essential for growth of the type strain of Ruminococcus albus. Allison, Bryant, and Doetsch (1958) found that all strains studied (two of R. albus and three of Ruminococcus flavefaciens) required a volatile fatty acid such as isovaleric acid for growth. A strain believed to be R. flavefaciens did not appear to require either of these factors (Ayers, 1958) .
Very little is known of the B-vitamin or nitrogen requirements for growth of the genus and the information available suggests considerable variation between strains. Folic acid, adenine, guanine, amino acids, or peptone were essential for the strain of Ayers (1958) . The strain of Fletcher (1956) (Allison, Bryant, and Doetsch, 1959) and grew with ammonia as the sole source of nitrogen (M. J. Allison, 1958 unpublished data).
The purpose of the present work was to determine the nutritional requirements with emphasis on the Bvitamins needed for growth of additional strains of Ruminococcus. Studies on nitrogen sources for growth of R. albus and R. flavefaciuem are presented elsewhere (Bryant and Robinson, 1961) .
MATERIALS AND A'IETHODS The anaerobic technique of Hungate (1950) was utilized throughout this study. Gases were made oxygen-free by passage through a column of hot reduced copper filings. All incubations were at 37 C.
The strains of ruminococci studied were previously described and specifically identified (Bryant et al., 1958b, c) . Stock cultures were grown in stabs of rumen fluid-glucose-cellobiose agar (RGCA) slant medium (Bryant and Burkey, 1953) and stored in a Dry Ice box with transfers at about 6-month intervals.
Cells for inoculation of experimental media were grown in a 20 per cent clarified rumen fluid medium identical with that previously used (Bryant, Robinson, and Chu, 1959) except that 0.0001 per cent resazurin replaced indigo carmine and cellobiose replaced glucose. Strains were transferred daily on this medium (0.01 to 0.1 ml per 5 ml of medium depending on the strain), and usually four or more transfers were made before washed inocula were prepared. Cells from an 18-to 24-hr culture were centrifuged, the pellet was washed with an anaerobic solution, and the cells were then washed once with the anaerobic solution and diluted to an optical density (OD) of 0.10 in standardized Wassermann tubes (13 mm diameter) at 600 m,u. Five milliliters of experimental medium were inoculated with 0.1 ml of suspension and growth was roughly estimated by OD measurements as above.
The anaerobic solution for washing cells was the same as the medium of table 1 except that cellobiose, casein hydrolyzate, salts of volatile acids, Na2S, and vitamins were deleted. Table 1 shows the composition of the complete medium from which vitamins were deleted in studying the vitamin requirements. Other variations in media are given in the Results. Figure 1 shows representative growth curves of some of the ruminococci able to grow in the complete medium (table 1). Growth of strains B113, B1C7, and B199 was similar to strain 7, and strain B146 was similar to C94.
RESULTS
The rapid drop in optical density in most cultures after maximal density was reached indicates the frequency with which optical densities must be determined to obtain an approximation of the maximum. In ruminal D89, B337, 7, C94, 20, and FD1, respectively. Bacteroides species, Bacteroides succinogenes (Bryant and Doetsch, 1955) and Bacteroides ruminicola (Bryant et al., 1958a) , a similar rapid drop in optical density appears to be due mainly to cell lysis. However, casual microscopic observations of R. albus strain 7 did not definitely suggest either lysis or a change in the amount of intracellular iodine staining material as causes of the drop in density.
The growth curves in the complete medium showed a tendency for R. albus strains to grow faster in the logarithmic growth phase than R. flavefaciens strains, although this was more particularly true of the five R. albus strains having the same vitamin requirements (table 2) . There seemed to be no correlation between time of incubation required before growth was initiated and species. A similar attempt to partially replace p-aminobenzoic acid with folic acid, using strain C94, was also unsuccessful. These results indicate that several of the vitamins could partially replace p-aminobenzoic acid or, more likely, several of the vitamin solutions were contaminated with low levels of this vitamin. p-Aminobenzoic acid can undoubtedly be considered an essential vitamin.
Results in table 4 show the amount of vitamins required for growth of certain strains.
There wes little difference in the effect of the three forms of vitamin B6 on growth of R. flavefaciens strain C94 (table 5) , and attempts to replace biotin with oleic or pimelic acids in growth of R. albus strain 7 were unsuccessful. R. flavefaciens strains D101 and B,C45, R. albus strain B336, and the B133 and D157 strains of the genus Ruminococcus that did not fit well into either of the recognized species (Bryant et al. 1958b) failed to grow in the complete medium (table 1) . Also, they did not grow in this medium modified by the addition of adenine, guanine, uracil, xanthine, thymine, pyridoxal, and vitamin B12, the deletion of Na2S, and the use of casein hydrolyzate (acid) that was not extracted with activated charcoal. Control strains (B146 and 7), used to determine whether the medium was inhibitory, grew well.
It was believed possible that the strains that failed to grow required the unidentified growth factor required by R. albus strain 69 (Fletcher, 1956 ). However, they did not grow when 0.002 to 20 mg of the purified factor (obtained through the courtesy of Dr. D. W. Fletcher) per 100 ml were added to the medium of table 1 modified to contain unextracted casein hydrolyzate (enzymatic) in place of acid hydrolyzate and to contain pyridoxal and vitamin B12. A control culture (strain C94) grew well on all media.
Previous results (Allison et al., 1958) showed that some of the present strains (7, 20, FD1, B146, and C94) (21) 82 (18) * The basal medium was that shown in table 1 except that B-vitamins were added before it was autoclaved and sterile, N2 equilibrated mixtures of volatile acids were added to the sterile tubed medium. Levels of salts of acids were as follows (per 100 ml): Na-acetate-3H20, 306 mg; Na-isobutyrate, 8.3 mg; Na-n-valerate, Na-isovalerate, and Na-DL-a-methyl-n-butyrate, 9.4 mg of each.
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the rest of the strains included in the present study that could be grown in media of known composition have this requirement. Strain B113 was not studied. Only one of the strains (B1C7) appears to be as greatly stimulated by acetate as was strain C94 (Allison et al., 1958) . DISCUSSION At the present time it is quite difficult to define clearcut species within the genus Ruminococcus because of the variability in morphological and physiological characteristics between strains (Hungate, 1957; Bryant et al., 1958b) , and the present results (table 2) indicate that the pattern of B-vitamin requirements among the strains will be of little use in more adequately delineating species. The present strains of R. flavefaciens appear to be fairly homogeneous in B-vitamin requirements, three requiring biotin and p-aminobenzoic acid and two of these also requiring vitamin B6. However, the number of strains studied was small and the strain studied by Ayers (1958) appeared to require only folic acid among the B-vitamins. Five of the seven strains of R. albus were identical and similar to two strains of R. flavefaciens which required biotin, p-aminobenzoic acid, and vitamin B6. Another strain differed from these only in that folic acid was required in place of p-aminobenzoic acid. The remaining strain of R. albus differed considerably from the others in that riboflavin and thiamine were required in addition to folic acid and biotin and B6 was not required. This strain (B337) is similar to the type strain 69 (Fletcher, 1956 ) except that a biotin requirement was not established in the latter. However, the medium utilized contained some crude material and Fletcher emphasized that it may have been contaminated with some vitamins.
It is noteworthy that strains of ruminococci having the same vitamin requirements may differ greatly in other characteristics. For examples, C94 is a typical strain of R. flavefaciens (Bryant et al., 1958b) and B199 is an atypical strain of R. albus in that cellulose was not visibly attacked and D-xylose, L-arabinose, sucrose, and lactose were fermented (Bryant et al., 1958c) , and these strains have the same vitamin requirements as more typical strains of R. albus (B1C7, B113, D89, and 7; Bryant et al., 1958b) . However, R. albus strain 20, atypical in that hydrogen was not produced and several sugars were fermented, differed from the more typical strains in requiring folic acid but not p-aminobenzoic acid.
The fact that all of the strains of ruminococci so far studied require either p-aminobenzoic acid or folic acid and all but two are known to require biotin might be of use in separating members of this genus from other species of anaerobic cocci.
It is of interest to discuss the vitamin requirements of ruminococci in relation to other species of ruminal cellulolytic bacteria. It has been shown that Bacteroides succinogenes requires biotin and that p-aminobenzoic acid is stimulatory to some strains . Only one strain of Butyrivibrio fibrisolvens has been studied (Gill and King, 1958) and vitamin B6, folic acid, and biotin were essential for growth. On the basis of the rapidity of cellulose digestion in vitro and numbers of cellulose-digesting strains isolated, the ruminococci and Bacteroides succinogenes would appear to be of more importance than Butyrivibrio. The results of pure culture work then suggest that biotin, paminobenzoic acid, and vitamin B6 would be the most stimulatory of vitamins to growth of cellulolytic bacteria in the rumen, and would probably also be most stimulatory to cellulose digestion, whereas vitamins such as folic acid, riboflavin, and thiamine might also have some effect.
In general, it appeais that, with the exception of vitamin B12 in one study and niacin in another, the pure culture results confirm results of studies on vitamins stimulatory to cellulose digestion by the mixed ruminal flora in vitro. Hall, Cheng, and Burroughs (1953) found biotin, B12, and, to a lesser extent, paminobenzoic acid, B6, and riboflavin, to be stimulatory to cellulose digestion by the mixed flora; Bentley et al. (1954 Bentley et al. ( , 1955 found biotin and p-aminobenzoic acid and, to a lesser extent, B12 to be stimulatory; MacLeod and Murray (1956) found B6 always to be stimulatory and in some experiments thiamine, folic acid, niacin, and p-aminobenzoic acid were stimulatory. The mixed culture resuilts usually show much smaller effects on addition or deletion of vitamins and are more difficult to interpret when compared with the pure culture results. It is possible that B12 and niacin only indirectly affect cellulose digestion through an effect on noncellulolytic ruminal bacteria. However, it is equally possible that strains of cellulolytic bacteria will be found that are affected by these vitamins.
That biotin, p-aminobenzoic acid (but not vitamin B6), and n-valerate were stimulatory to cellulose digestion in the mixed cultures studied by Bentley et al. (1954) suggests that B. succinogenes was the most active organism under their conditions. On the other hand, since vitamin B6 was the only vitamin consistently stimulatory and since no stimulation above that obtained with the amino acid precursors of the branched-chain volatile fatty acids was obtained when n-valerate was added, it is suggested that ruminococci were the more active cellulolytic agents in the mixed cultures studied by MacLeod and Murray (1956) . (Hall et al., 1954) , adenine and guanine (Ayers, 1958) , the factor of Fletcher (1956) , and vitamin B12. The nature of the materials required for growth of these strains is a subject for future study.
The fact that four additional strains of ruminococci were shown to require isovalerate substantiates the conclusion of Allison et al. (1958) 
